INTRODUCTION
Prolactin receptor (PRLR) is a single transmembrane protein that belongs to class 1 of cytokine receptor superfamily, which includes growth hormone receptor, interleukins, granulocyte colony-stimulating factor, granulocyte macrophage colony-stimulating factor, leukemia inhibitory factor, oncostatin M, erythropoietin, thrombopoietin, gp130, ciliary neurotrophic factor, and leptin receptors. By signaling through homodimers of PRLR, prolactin plays a wide variety of physiological roles in vertebrates (reviews by Bole-Feysot et al., 1998; Freeman et al., 2000; and Clevenger et al., 2001) . So far, the PRLR gene has been cloned in the human , mouse (Clarke and Linzer, 1993) , rat (Shirota et al., 1990) , rabbit , pig (Tomás et al., 2006) , cow (Scott et al., 1992) , frog (Hasunuma et al., 2004) , chicken (Tanaka et al., 1992) , duck (Wang et al., 2009) , turkey (Zhou et al., 1996) , pigeon (Chen and Horseman, 1994) , leopard gecko (Kato et al., 2005) , and zebrafish (AY375318). However, the molecular characteristics of the PRLR gene in the goose is unknown. The Siji goose is a domestic goose with strong broodiness in China. To understand the roles of goose prolactin receptor (gPRLR) in geese with incubation behavior, we cloned the gene in geese and examined its expression in different organs of adult geese. Our results show that goose PRLR is highly conserved during evolution and is widely expressed in the testis, seminal duct, ovary, oviduct, kidney, large intestine, and small intestine. The research will help to further studies on the roles of PRLR in geese with incubation behavior.
MATERIALS AND METHODS

RNA Isolation
All animal studies were conducted in accordance with an animal use protocol approved by the animal use committee of Nanjing Agricultural University (Nanjing, China). Tissues from male (18 mo old) and female (15 mo old, with incubation behavior) adult geese, including kidney, ovary, oviduct, large intestine, small intestine, testis, epididymis, and seminal duct, were collected to extract total RNA using TriZol reagent (Invitrogen, Carlsbad, CA) following the manufacturer's protocol. Then, mRNA was isolated from the total RNA of the testis using an Oligotex mRNA Mini Kit (Qiagen, Valencia, CA).
Cloning of gPRLR cDNA
To clone the full-length cDNA, we first used rapid amplification of cDNA ends (RACE) strategy to define the 5′ and 3′ end of the cDNA. To perform 5′-RACE, a fragment of gPRLR cDNA (1,154 bp; GenBank accession number DQ209271.1), which was predicted to encode 5′-end of gPRLR, was used to design the gene-specific primer (GSP) and nested primer to amplify the 5′-end of the gene. The GSP and nested primers were 5′-ctgagggtccgagctgttacttccaatctc-3′ and 5′-caggcttccaccaacaagaaaaggtttcc-3′, respectively. To perform 3′-RACE, we first cloned a cDNA fragment (606 bp) using conservative sequences among 6 species including Gallus gallus (D13154), Columba livia (U07694), Meleagris gallopavo (L76587), Homo sapiens (NM_000949), Rattus norvegicus (BC092133), and Sus scrofa (NM_001001868). The forward and reverse primers were 5′-ccagaYtacaDaactgSaggc-3′ and 5′-tatYttYggYccHggMactgg-3′ (Y = c/t, D = a/g/t, S = g/c, H = a/c/t, and M = a/c), respectively. The conditions used for the PCR were 94°C for 2 min; 35 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C for 1 min; and 72°C for 10 min. The amplified cDNA was predicted to encode the region covering the membrane-proximal region of the extracellular domain, the transmembrane, and the membrane-proximal region of cytocellular domain of gPRLR. Based on this sequence, we designed the GSP and nested primers for 3′-RACE as 5′-gtggatcatcgtgggtgtcttgtcatctc-3′ and 5′-gggtacagaatgatagcctttatcctacc-3′, respectively. The 5′-and 3′-RACE PCR were performed according to the manufacturer's instructions (Smart RACE cDNA Amplification Kit, Clontech, Mountain View, CA). We obtained 3 fragments of 594, 449, and 361 bp by 5′-RACE and a 1,321 bp fragment by 3′-RACE. Sequence analyses revealed that the sequences from 5′-RACE encoded 5′ untranslated region (UTR) and the N-terminal end, and the sequence from 3′-RACE encoded 3′-UTR and C-terminal of gPRLR. Using these sequences, we then performed the PCR reactions with the high-fidelity DNA polymerase (Takara, Otsu, Japan) to clone a cDNA fragment of 1,684 bp between the 5′-untranslated region and the C-terminus. The sequence of the forward primer was 5′-ctgacattcgccaaggagac-3′, which was complementary to the second exon of the cDNA, and the sequence of the reverse primer was 5′-gaggtagaggacagcgaggat-3′, which was complementary to 5′-end of the last exon of the cDNA. The conditions for the PCR were 94°C for 2 min; 35 cycles of 94°C for 30 s, 58°C for 2 min, and 72°C for 2 min; and 72°C for 10 min.
Reverse-Transcription PCR
Reverse transcription was performed with SuperScript II RNase H − reverse transcriptase (Invitrogen). The primers used were 5′-ccagattacagaactgcaggc-3′ (forward primer, complementary to exon 5 of the cDNA) and 5′-atcctcgctgtcctctacctc-3′ (reverse primer, complementary to exon 10 of the cDNA). The PCR were performed using Taq DNA polymerase (Promega, Madison, WI); the expected length of the amplicon was 740 bp and the conditions were 94°C for 2 min; 35 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C for 1 min; and 72°C for 10 min. The PCR products were then cloned into the pMD-18T vector (Takara) and were then sequenced to confirm their identities. The quality of cDNA was demonstrated by performing amplification of β-actin. The forward and reverse primers for amplification of β-actin were 5′-gacgacatggagaagatctgg-3′ and 5′-cttgctgatccacatctgctg-3′, respectively. The reaction conditions were 94°C for 2 min and 20 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C for 1 min, and the length of cDNA amplified was 840 bp.
Sequence Analysis
The full-length gPRLR cDNA was sequenced from both strands for accuracy. The nucleotide sequence data were analyzed using Jellyfish software (version 1.4; http://www.biowire.com). The phylogenetic tree was constructed using neighbor-joining method with Mega4.1 tools (http://www.megasoftware.net/). The conserved residues among all the species are shaded with dark gray, and identical residues in all species are black shaded. The 2 cytokine receptor homology (CRH) regions, CRH1 and CRH2, within the extracellular domain are included in brackets. In each CRH, 2 pairs of cysteine residues are indicated by the letter C; WS motif (WSXWS) is underlined with a solid line; residues and regions (segment1 and segment 2; Rozakis-Adcock and Kelly, 1992) necessary for ligand binding are indicated by the letter R, E or underlined with dashed lines, respectively. Transmembrane domain and 2 regions (box1 and box2) within the cytoplasmic domain are underlined with solid lines. All the tyrosine residues within the cytoplasmic domain are indicated by the letter Y.
RESULTS AND DISCUSSION
gPRLR Is Organized in the Same Manner as Chicken PRLR
Performing RACE PCR, we cloned full-length gPRLR cDNA of 3,159 bp. The sequence was deposited in GenBank (http://www.ncbi.nlm.nih.gov/) and the accession number is EU078172. Sequence analysis predicted that the cDNA contained 443 bp 5′-UTR, 2,496 bp coding sequence, and 220 bp 3′-UTR. Based on the alignment with chicken prolactin receptor (cPRLR) genomic DNA (AY547323), the gPRLR cDNA is presumably derived from at least 14 exons, among which the last 13 exons match very well with the last 13 exons (second to tenth exon) of cPRLR genomic DNA (Figure 1) . Assuming the first 330 bp is the first exon, we designated the goose exons in the same way as chicken PRLR (i.e., exons 1-3, 4a-7a, and 4-10; Tanaka et al., 1992) . The predicted translation start site (ATG) was at the 45 to 47 bp of exon 3, the same position as in cPRLR DNA. The stop codon TAA was located at 1,021 to 1,023 bp of the last exon. Exons 2 to 5a and 4 to 9 contained the same numbers of nucleotides as the corresponding exons of cPRLR and shared high identity with cPRLR (Table 1) . Exons 4a to 7a showed 78.9, 78.2, 63.5, and 74.4% identities with exons 4, 5, 6, and 7, respectively. Because we found another 5′-end of the cDNA that had 95 bp deleted from the 330 bp sequence, it is possible that the 3,159 bp gPRLR cDNA contained 15 exons, with the first exon being 238 bp long and the second exon being 95 bp long. We could not determine conjunctions between several exons because of the unavailability of the genomic sequence of the gene. For example, the conjunction between exon 6a and 7a is unknown, although it is clear that the lengths of 2 exons are 167 to 170 bp and 145 to 142 bp, respectively, and the length of these 2 exons together is 312 bp, which is 6 nucleotides longer than the counterpart of cPRLR DNA.
gPRLR cDNA Encodes a Protein With the Same Structure as Other Avian PRLR
The coding region of the cDNA was predicted to encode a single transmembrane protein comprising 831 amino acids with a putative 24 amino acid signal peptide at the N-termnus, followed by a mature protein of 807 amino acids. It is a typical member with structural features conserved in class 1 cytokine receptor superfamily (Figure 2) . In its extracellular domain, it has 2 tandem repeated and highly homologous ligandbinding units, which are 204 and 205 amino acids long and are referred to as cytokine receptor homology domain (CRH; Wells and de Vos, 1996) . In birds, these 2 units are now termed as double antenna structure (Tanaka et al., 1992) . Interestingly, all the vertebrate PRLR have only 1 ligand-binding unit in their extracellular domain, except for the avian PRLR and the leopard gecko PRLR (Kato et al., 2005) . In each CRH, there are 2 pairs of disulfide bonds (between Cys 12 -Cys 22 and Cys 51 -Cys 62 ) within N-terminal subdomain and a pentapeptide termed "WS motif" (Tpr-Ser-any amino acid-Tpr-Ser) within the membrane-proximal region of the C-terminal subdomain. The transmembrane domain contains 24 amino acids. In the cytoplasmic domain, there are 2 relatively conserved regions termed as box1 and box2. Box1 is a membrane-proximal, prolinerich motif. There are several potential N-linked glycosylation sites, including 4 sites in each CRH and 2 sites in cytoplasmic domain. There are 9 tyrosine residues in cytoplasmic domain.
PRLR Are Highly Conserved in Vertebrates
The detailed comparisons among PRLR proteins from different species are shown in Figure 3 for the alignment and in Figure 4 for a phylogenetic tree. The deduced gPRLR amino acid sequence exhibits 87.7% identity with chicken PRLR (D13154), 85.2% identity with pigeon PRLR (U07694), 84.8% identity with turkey PRLR (L76587), 43.4% identity with human PRLR (M31661), 41.3% identity with pig PRLR (NM_001001868), 37.0% identity with mouse PRLR (L14811), 37.6% identity with rat PRLR (GI206366), 36.7% identity with cow PRLR (L02549), 33.6% identity with frog PRLR (AB158367), and 25.4% identity with zebrafish PRLR (AY375318). Because of 2 ligandbinding units observed only in avian PRLR, the gPRLR shares the highest homology with chicken, turkey, and pigeon PRLR. Although large diversity exists among PRLR of different animals, all the PRLR are highly conserved in some important structures such as 2 pairs of sulfide bond, WS motif, box1 and box2, suggesting that all these PRLR share several structural and functional features of class 1 of cytokine receptor superfamily. Compared with box1, box2 are less conserved. Previous studies have shown that box1 and box2 are necessary for the consensus folding of the molecule recognized by the transducing molecules (review by BoleFeysot et al., 1998) . Therefore, the results from comparison of gPRLR with other species support the view that structures, which play fundamental functions, are evolutionally conserved.
gPRLR Splicing Variants Are Expressed in Adult Goose Testis
In addition to the 594 bp fragment we obtained in 5′-RACE to generate the full-length gPRLR cDNA sequence described above, there were 2 more cDNA fragments of 499 and 361 bp in adult goose testes ( Figure  5 ). This suggests that at least 3 gPRLR mRNA forms are expressed. The 2 shorter sequences were deposited in GenBank (http://www.ncbi.nlm.nih.gov/) and the accession numbers are EU078173 and EU078174. Sequence analyses revealed that these 3 cDNA fragments contain different 5′-UTR of 443, 348, and 210 bp, respectively; the last 195 nucleotides are identical and the predicted translation start site (ATG) is located at base pairs 45-47 of exon 3 (Figure 1 ). The organization of the 348 bp 5′-UTR is similar to that of the 443 bp 5′-UTR. Upstream exon 3 are 2 sequences of 69 and 235 bp in the 348 bp 5′-UTR. The 443 bp 5′-UTR has an additional sequence of 95 bp inserted between the sequences of 69 and 235 bp. These results suggest that the mRNA containing 348 bp and 443 bp 5′-UTR result from an alternative splicing after transcription. In contrast to the 348 bp and 443 bp 5′-UTR, the 210 bp 5′-UTR has a unique sequence of 166 bp upstream exon 3. This indicates that the mRNA containing 210 bp 5′-UTR is transcribed differently from the mRNA containing the 443 bp or the 348 bp 5′-UTR. This transcript is likely to be produced by a different transcription starting at an alternative initiation site driven by another promoter, and the 166 bp fragment is then spliced directly to the third exon with the second exon being skipped ( Figure 5 ).
gPRLR Is Widely Expressed in Different Adult Tissues
We examined the expression of PRLR gene in adult goose tissues using reverse transcriptase PCR. As shown in Figure 6 , gPRLR mRNA is widely expressed in the testis, seminal duct, kidney, ovary, oviduct, large intestine, small intestine, and spleen. The highest expression is found in the kidney, large intestine, and small intestine. The wide expression pattern of goose PRLR is consistent with the previously published results in other species (reviewed by Bole-Feysot et al., 1998; Freeman et al., 2000) . . Schematic diagram depicting structures of the three 5′-end fragments of goose prolactin receptor (gPRLR) cDNA with different 5′ untranslated region (UTR) obtained by 5′ rapid amplification of cDNA ends. Two longer 5′-UTR share similar organization, whereas the third is distinct because it has a novel first exon but does not have the second exon seen in the 2 longer 5′-UTR. The exons or fragments with identical nucleotides are shaded. The exons highly homologous to those of chicken prolactin receptor (cPRLR) cDNA are numbered in the same way described in cPRLR cDNA. The ATG initiator codon is arrowed and the 5′-UTR and the coding regions are separated by a vertical dotted line. Figure 6 . Expression analysis of goose prolactin receptor (gPRLR) mRNA in adult goose tissues by reverse-transcription PCR. 1 = kidney (female), 2 = ovary, 3 = oviduct, 4 = large intestine (female), 5 = small intestine (female), 6 = kidney (male), 7 = testis, 8 = epididymis, 9 = seminal duct, 10 = large intestine (male), 11 = small intestine (male).
